In this paper we discuss apparent contradictions in the literature between dynamical results on supercooled confined water obtained by different experimental methods. The reason for the lack of a clear glass transition of confined water is also discussed. Dielectric relaxation data and results from differential scanning calorimetry measurements provide a consistent picture, but it is still unclear why the glass transition related structural (a) relaxation disappears before the normal time-scale of a calorimetric glass transition (i.e. about 100 s) is reached. From recent results on amorphous bulk ice we propose that this anomalous phenomenon may not be an effect of confinement, but an intrinsic property of water when it transforms to a crystal-like glassy state, probably around 225 K. Thus, the results from the studies of confined water in the so-called no man's land (the temperature range 150-235 K) where bulk water rapidly crystallizes may be of more relevance for supercooled and glassy bulk water than previously thought. Furthermore, the structural difference between glassy water (or amorphous ice) and crystalline ice is likely to be rather small, due to the large degree of disorder in crystalline ice.
Introduction
We all know that we need water for our survival. 1 In our bodies, as well as in most animals, plants and types of nature, the main fraction of the water is confined in restricted areas between other materials or molecules. There is no clear definition of what is required for water to be considered as confined, but commonly the term confined is used when the structural and dynamical properties of the water can be distinguished from bulk water. Typically, this requires that the size of a water cavity be of the order of 10 nm or less (although the flow of water is affected by substantially less severe confinement). In our bodies this requirement is more than well met, since most of this water is never more than about 5 Å from other different types of biomolecules, such as nucleic acids, proteins and lipids. 2 This highly confined water is essential for the structure and function of these ''molecules of life'', and therefore controls many of the biological processes occurring in our bodies. [3] [4] [5] In other types of systems, e.g. of relevance for geology and modern technology, the water may be confined in hard materials, such as rocks, metals and glasses. The water in all these types of confinement behaves differently depending on the nature and geometry of the water-filled cavities. The size and dimensionality of the cavity as well as the structure, hydrophobicity and roughness of its inner surface all affect the structure and dynamics of the confined water. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] However, in the deeply supercooled regime, experimental results have shown that the dynamics of confined water is rather universal, irrespective of whether the water is located in a solid porous material, hydrating a biomolecule or in a solution below or close to the glass transition temperature, T g , of the entire system. 17 In this paper we will mainly discuss results obtained from differential scanning calorimetry (DSC), dielectric spectroscopy, quasielastic neutron scattering (QENS) and relaxation nuclear magnetic resonance (NMR) measurements. However, before we discuss the physical nature of experimentally observed results it is valuable to make some common definitions and distinctions. With dielectric spectroscopy it is possible to measure dipole relaxations. However, such a process can have different natures, depending on whether it is directly related to the viscosity of the liquid or is of more local character. The former relaxation process is called the structural a-relaxation and the latter is a so-called secondary b-relaxation. A homogeneous liquid only exhibits one a-relaxation, but may show several b-relaxations. In a dielectric experiment on a bulk liquid the a-relaxation is given by an asymmetric peak in the imaginary part of the permittivity, in contrast to b-relaxations, which have a symmetric peak shape. 18 Furthermore, the dielectric strength of the a-relaxation increases with decreasing temperature, while the b-relaxation exhibits the opposite behavior. 18 Moreover, since the a-relaxation is cooperative in character, it exhibits a super-Arrhenius temperature dependent relaxation time, in contrast to the thermally activated b-relaxations with Arrhenius temperature dependent relaxation times. Due to all these different characteristics it is often easy to distinguish between aand b-relaxations, but in confinement these general ''rules'' may be altered. At higher temperatures, around room temperature, rotational and diffusional motions, as well as the viscosity related structural a-relaxation and the more local b-relaxations, are generally coupled and occur on the same time scale. Therefore, even if different experimental techniques probe different types of motions, the time-scale of the measured water dynamics is basically the same irrespective of the method used. However, at lower temperatures all these kinds of motions tend to decouple in all types of deeply supercooled liquids, which implies that rotational motions decouple from translational motions and local b-relaxations decouple from the cooperative a-relaxation. 18 The glass transition temperature, T g , is usually defined as the temperature at which the relaxation time of the a-relaxation is about 100 s. 18 This relaxation time corresponds to a macroscopic viscosity of about 10 12 N s m À2 and the material appears solid-like. Hence, below T g the a-relaxation can be regarded as frozen, but b-relaxations and local rotational motions as well as long-range translational motions can still exist far below T g . This fact can actually make it difficult to determine whether a liquid is below or above its glassy state. Normally, T g is most easily determined by differential scanning calorimetry (DSC), but in this case confined water behaves oddly and no clear calorimetric T g can be observed. 19, 20 This is puzzling, as will be discussed, but it also makes it less obvious how dynamical data obtained by e.g. QENS, dielectric relaxation spectroscopy and relaxation NMR should be interpreted. The advantage with QENS from this perspective is that it is possible to distinguish between localized, rotational and long-range translational motions by measuring how the relaxation time depends on the momentum transfer (Q) of the scattering event. 21, 22 In the case of hydrogen-rich materials, such as H 2 O, the total scattering is strongly dominated by the large incoherent scattering of hydrogen, and it measures the self-motions of these atoms. 21, 22 Finally, there are different types of NMR measurements, where particularly 2 H stimulated echo (STE) experiments are useful to provide information about the overall amplitude and jump angles of a reorientational motion, which can be used to distinguish between aand b-relaxations. 23 Nevertheless, it is clear from the literature that it is far from trivial to distinguish between different types of motions and to understand their physical nature.
Although most studies of confined water have been driven by the many applied problems in life science, medicine, pharmacology, geology and technology, there has also been a growing interest in studying confined water due to the possibility to enter into the so called no man's land from 150 K to 235 K, where bulk water is difficult to study due to almost instantaneous crystallization. 24 However, with recent advances of fast measurements it has been possible to enter into this no man's land and study the structure of water down to 227 K, 25, 26 as well as the diffusivity of water up to 159 K. 27 In fact, measurements of the structural and dynamical properties of water in the no man's land temperature range are very important for the possibility to explain the many anomalous properties of water. For instance, a liquid-liquid phase transition with a liquid-liquid critical point at some pressure has been proposed to explain the peculiarities of water. 25, [28] [29] [30] It has also been proposed that the transition from a high temperature high density liquid (HDL) to a low temperature low density liquid (LDL) is associated with a so-called fragile-to-strong transition at about 225 K. 31 A supercooled liquid is classified as fragile when the temperature dependence of its viscosity or related a-relaxation time (t a ) exhibits a highly non-Arrhenius temperature dependence. 32 This behaviour is typical for ionic and van-der-Waals systems, but also for bulk water, which above 235 K is known as one of the most fragile liquids that ever have been studied. 31, 33 In contrast, a strong supercooled liquid shows a temperature dependence close to the Arrhenius law, and this is typically observed for materials with network structures of strong covalent bonds, such as SiO 2 . 32 Hence, it is proposed that the HDL is a very fragile liquid due to the absence of a complete network structure, whereas the LDL is supposed to be a strong liquid because of its expected tetrahedral network structure. 31 Therefore, it is of great interest to perform measurements on water in no man's land and although bulk water can partly be studied in this temperature range it is evident that its rapid crystallization puts serious limitations on such studies. Instead, many attempts have been made to use confined water to understand the properties of bulk water in this difficult temperature range. However, the question is whether the studies of confined water are of relevance for bulk water, so we can actually learn something about the structure and dynamics of deeply supercooled bulk water by avoiding crystallization of water in severe confinement. For cylindrical pores, calorimetric studies have indicated that crystallization can be avoided for pore diameters of 21 Å or less (at least in the case of hydrophilic silica pores, such as MCM-41). 19, 20, [34] [35] [36] [37] However, recently this interpretation of the results has been questioned since an ice-like formation of the central water molecules may occur even in pores with a size of about 20 Å. 38, 39 The possible similarity of this water structure to rapidly quenched bulk water will be discussed. We will also discuss recent interpretations 40 of the structure and dynamics of bulk water above the most accepted glass transition temperature of 136 K (for hyperquenched water and low-density amorphous ice), 41 which suggest that bulk water in the main temperature range of no man's land behaves very similarly to confined water below a temperature of about 180 K. 36, 38, 39, [42] [43] [44] Thus, an interesting question arises of whether the properties of deeply supercooled and glassy confined water are of more relevance for bulk water than previously thought.
2. The possibility of a fragile-to-strong transition of confined water It has been known for a long time 33 that bulk water behaves as a so-called fragile liquid down to about 235 K, where rapid crystallization occurs. As mentioned above, a fragile liquid exhibits a highly non-Arrhenius temperature dependence, and for bulk water this becomes particularly evident close to 235 K, where the dynamical properties become rapidly slower with decreasing temperature. In fact, the temperature dependence of the dynamical properties, such as viscosity, of bulk water is best described by a power law that diverges at 228 K. 45 This singularity is consistent with the second critical point scenario, and if the viscosity of bulk water extrapolates to infinity at 228 K it further implies that the glass transition temperature, T g , of bulk water must be slightly higher than 228 K. However, T g of bulk water is commonly accepted to be located at 136 K, 41 and the only possibility to resolve this inconsistency is to introduce a fragile-to-strong transition of water close to 228 K, i.e. before the viscosity at the glass transition (10 12 N s m À2 ) is reached, as first proposed by Ito et al. 31 The temperature dependence of the viscosity or related structural a-relaxation time would then exhibit a crossover similar to the crossover from the red to the blue curve shown in Fig. 1 . Since the rapid crystallization of bulk water in the temperature range around 228 K makes a verification of this possible crossover very difficult in the case of bulk water it is natural that confined water, where crystallization can be avoided at all temperatures, has been used to elucidate whether a fragile-to strong transition seems to occur.
The first study in favor of a fragile-to-strong transition of, at least, confined water was published in the year 2000, 47 where Bergman and Swenson studied water confined in a Na-vermiculite clay and observed an Arrhenius temperature dependence (as typical for the structural a-relaxation of very strong glass forming liquids) of the observed main relaxation in the temperature range from 215 K down to 130 K, where a relaxation time of approximately 100 s was obtained, 47 as shown in Fig. 2 . Thus, although the actual crossover from fragile to strong could not be observed, a quasi-elastic neutron scattering (QENS) study showed 48 that the water in this clay exhibited a fragile behavior at higher temperatures above 254 K, suggesting that a fragile-to-strong transition occurred somewhere between 215 K and 254 K.
The first direct observation of a claimed fragile-to-strong transition of confined water was obtained by Faraone et al. 49 from a QENS study of supercooled water confined in MCM-41. They observed a very pronounced dynamic crossover at about 225 K, and since it occurred at basically exactly the same temperature as the predicted fragile-to-strong transition of bulk water 31 it was natural to believe that the observed crossover is of relevance also for bulk water, although the Arrhenius temperature dependent relaxation time below the crossover temperature extrapolates to 100 s below 100 K 43,50 and therefore indicates a T g below 100 K, as shown in Fig. 3 . It should here be noted that the same 46 low density amorphous (LDA) ice (or LDL) (solid blue line in the temperature range 126-151 K), 68 water confined in MCM-41 C10 (red solid circles), 36 water confined in the molecular sieve X13 (green solid triangles), 60 and water confined in a fully hydrated Na-vermiculite clay (black solid squares). 47 2 H NMR relaxation data are shown for water in MCM-41 C10 (black crosses). 38, 39 The high temperature power law dependence of supercooled bulk water is indicated by the red dotted line, reaching a singularity at T s = 228 K. The low temperature Arrhenius dependence of bulk water in the temperature range 126-151 K 68 has been extrapolated to higher temperatures and the crossover to the high temperature power law dependence has been sketched (blue dotted line).
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MCM-41 (C12) as Faraone et al. 49 used was also used by Soper 7, 8 in a neutron diffraction and EPSR modeling study. However, while Faraone et al. 49 measured the pore diameter of this MCM-41 as 14 Å by nitrogen adsorption-desorption experiments, Soper 8 obtained a pore diameter of 24 Å from neutron diffraction. Therefore, Soper suggested 7 that the observed fragile-to-strong transition could be due to partial crystallization of the water, as also suggested in ref. 38 to occur for this MCM-41 sample. Anyhow, irrespective of the physical origin of this first observation of the dynamic crossover it did not take many years until similar crossovers were observed in a wide range of water containing systems, such as hydrated proteins, 51 DNA 52 and RNA, 53 as well as different types of solutions 54, 55 and other types of solid materials. 56, 57 All these studies were based on QENS measurements, but also diffusion NMR measurements 58 suggested the same scenario. In e.g. ref. 17 this fragile-to-strong crossover scenario is discussed in more detail including how it is considered related to the crossing of the Widom line, i.e. the pressure at a given temperature where there are maximum correlation lengths of the HDL and LDL. Simultaneously, dielectric relaxation spectroscopy was used to study the dynamics of supercooled water confined in the same or similar systems 20, 42, 43, 47, [59] [60] [61] [62] [63] (see also ref. 17 for a large number of other references). These studies showed often also a dynamic crossover of the main relaxation process, see e.g. ref. 17 . However, this crossover was found to be much weaker and occurred generally at 180 AE 10 K, but this does not imply that the QENS and dielectric results are fully inconsistent since a weaker and faster dielectric process was generally observed at lower temperatures and this process shows the same temperature dependence as the relaxation process observed by QENS below the crossover temperature at 225 K. 43 This is shown in Fig. 3 , where an extrapolation of the QENS data below 225 K coincides with dielectric data of water in a clay 47 (note here that this is a faster and more local process than the main relaxation shown in Fig. 2) , a phospholipid membrane 64 and myoglobin. 43 It is also shown in dielectric data of water in MCM-41, but it is very weak there and therefore it is difficult to determine its temperature dependence with high accuracy. Since this dielectric relaxation process is faster than the main process, from which it seems to decouple at about 225 K, it is clear that it cannot be associated with the structural a-relaxation. 43 In fact, Bergman and Swenson et al. realized 42, 43, 60, 64 that their original interpretation of the dielectric main relaxation of supercooled confined water below the crossover temperature is not correct, and that also this relaxation should be assigned as a more local b-relaxation. Since it has been shown to be pressure dependent, 61, 62 it indicates that this relaxation is of Johari-Goldstein type. 65 This type of relaxation is of a local and non-cooperative character, but it involves all atoms in the water molecule and it is also coupled to translational motions. Also this crossover scenario around 180 K from a believed a-like high temperature relaxation to a low temperature b-relaxation is further discussed in ref. 17 , but the important point to note is that the dielectric and QENS results are fully consistent provided that the relaxation process exhibiting an Arrhenius temperature dependence below 225 K is assigned as a b-relaxation, rather than the structural a-relaxation. Further support for this alternative assignment of the relaxation process comes from Doster et al., 66 where they studied the dynamics of protein hydration water with QENS and came to the conclusion that a dynamic crossover is either observed or not observed at 225 K, depending on how the data are analyzed. They favored an analysis where no dynamic crossover was obtained. Anyhow, the important conclusion of this study 66 is that also slower water dynamics exists below 225 K, consistent with the dielectric data. Also 2 H NMR relaxation studies of both water in MCM-41 C10 38, 39 (also shown in Fig. 3 ) and protein hydration water 44 gave the same temperature dependence of the water dynamics as the dielectric data, and thus contrasted with the temperature dependence of the diffusion NMR data 58 mentioned above. Finally, it was observed in a neutron-spin echo study of an aqueous LiCl solution that a dynamic crossover at 225 K was only obtained at high momentum transfer (Q) values, whereas at Q = 0.1 Å À1 the high temperature non-Arrhenius temperature dependence continued far below 225 K, 67 in agreement with dielectric and 2 H NMR relaxation data. Hence, this neutron scattering study by Mamontov et al. 67 is consistent with both ordinary QENS data as well as dielectric and 2 H NMR relaxation data, and, more importantly, the authors provide a simple explanation for why the two techniques seem to give different results, by making the following statement: ''The main relaxation component continues to follow a non-Arrhenius power law below T c , as evidenced by the data collected at low Q that show no dynamic crossover. At higher Q, the crossover marks the temperature below which a localized component with apparently Arrhenius temperature Fig. 3 Temperature dependences of relaxation times, t, of water in MCM-41 obtained from QENS (C12, black solid triangles), 49 dielectric spectroscopy (C10, red solid squares) 36 and 2 H NMR (C10, blue crosses). 38, 39 These relaxation times of water in MCM-41 are compared with a faster and more local dielectric relaxation process of water confined in a fully hydrated Na-vermiculite clay (red open circles), 47 64 (open blue triangles). The approximate low temperature Arrhenius dependence of the low QENS data has been indicated by a black line. Note the excellent agreement over the whole measured temperature ranges between the dielectric and 2 H NMR data on water confined in MCM-41 C10, and also the excellent agreement between the extrapolated QENS data below 225 K and the fast local dielectric relaxation of water in clay, myoglobin and DMPC. dependence splits from the main component. It is this localized component that is likely observed in QENS measurements, whereas the relaxation times of the main component become too long for the experimental resolution.'' This statement confirms that there is no disagreement or conflict between QENS, dielectric and NMR data provided that the crossover observed at about 225 K for most QENS data on confined water is interpreted to arise from a crossover from an a-like high temperature relaxation to a local low temperature relaxation. Since a true fragile-to-strong transition refers to the temperature dependence of the viscosity related a-relaxation it is clear that the crossover to a local relaxation process should not be denoted as a fragile-to-strong transition.
myoglobin 43 (green open squares) and phospholipid membrane DMPC
Also MD simulation studies have claimed that a fragile-tostrong transition occurs for both confined and bulk water around 225 K, and that it seems to be a general characteristics of supercooled water irrespective of the used interaction potential. 69 In the case of water, this fragile-to-strong crossover has been directly related to a liquid-liquid transition. 69 However, this crossover in the MD simulations is very weak, and becomes almost insignificant if the temperature dependence of the relaxation time is not described by a power law above the crossover temperature, but instead by the Vogel-Fulcher-Tammann (VFT) equation, as commonly used to describe the temperature dependent dynamics of supercooled liquids. 70 In fact, a similar weak fragile-to-strong transition is commonly found in different types of supercooled liquids, 71, 72 where no liquid-liquid transition occurs. Hence, according to the MD simulations, supercooled water, in bulk or confined, exhibits a surprisingly normal dynamic behavior of supercooled liquids. This further implies that the crossover in the MD simulations at about 225 K is substantially different from the crossover observed by QENS. As for other types of supercooled liquids it seems to be related to a crossover from a normal liquid diffusion behavior at high temperatures to a more hopping-like diffusion process below the crossover temperature. 73 As mentioned above, both dielectric relaxation data and 2 H NMR relaxation data have shown that there is a dynamic crossover at about 180 K, as shown in Fig. 2 . However, the 2 H NMR relaxation data on water confined in MCM-41 of different pore sizes have shown that there is also a weak crossover at about 225 K. 38, 39 This crossover from a highly fragile behavior to a more strong behavior was most pronounced for larger pore sizes where it has been established that partial crystallization of the pore water occurs at about the same temperature, 35, 37 but a weak crossover was also observed for a pore diameter of 21 Å, where no evident crystallization is seen in DSC measurements. [34] [35] [36] [37] Due to the similarity with the behavior of the larger pores this crossover was interpreted to be a result of crystallization or some kind of solidification of the inner pore water, leaving only the surface water in a supercooled state. 38, 39 Since more severely confined water exhibits a less fragile behavior, such a crystallization or solidification is expected to give rise to a more strong behavior of the remaining unfrozen water. Hence, these 2 H NMR relaxation data on water confined in MCM-41 show that neither the crossover at about 180 K nor the crossover at 225 K can be interpreted as a fragile-to-strong crossover. 38, 39 However, the physical origin of the crossover at about 180 K is not obvious, and has therefore been widely debated, as further discussed in the next chapter. Also chapter 4 is related to this crossover, since we are there discussing the nature of the relaxation process below the crossover temperature and suggest that this process is similar to what has been observed for amorphous bulk ices. 40 
No glass transition of confined water?
Many previous studies of confined water 19, 20, [34] [35] [36] [37] 74 have shown that no glass transition is clearly observable in an ordinary DSC measurement. Only by more sensitive adiabatic calorimetry it has been claimed that also confined water exhibits a glass transition. 75 Oguni et al. 75 found two T g -values; one at about 115 K for the single molecular layer of surface water and one for the remaining water, which increased from about 165 K for small pores with a diameter up to 17 Å to 210 K for 21 Å diameter pores. However, the interpretations of their data have been questioned by Johari et al. 76, 77 who claim that the calorimetric feature assigned to T g of the central water is rather due to a gradual conversion to distorted ice-like structures. In this paper we argue that the difference between these two viewpoints may be very small. The ''transition'' can probably be considered as a crystallization process in the sense that it involves some structural changes, which do not normally occur at a glass transition. On the other hand, the structure of the supercooled water is likely to be rather ice-like, simultaneously with the ''crystalline'' structure below the transition temperature being highly disordered, making the structural difference rather small and a distinction between a glass transition and a crystallization process difficult.
Here it should furthermore be noted that authors are claiming very different pore diameters for MCM-41 produced in similar, although not identical, ways. For instance, MCM-41 produced with C 12 chains as a template has a diameter of 23.8 Å according to Kittaka et al. 35, 37 who are producing the material themselves. This value is consistent with the value Soper obtained from neutron scattering, 36 but considerably larger than the value 14 Å given in e.g. ref. 49, 58 and 77 for the same type of MCM-41-S sample. Thus, these differences in claimed pore diameters can at least partly explain why a more clear crystallization process occurs for pore sizes less than 20 Å in some studies, but not in other studies.
Further support for a vanishing of the glass transition related dynamics, i.e. the structural a-relaxation, before the typical time scale (about 100 s) of the glass transition is reached comes from dielectric relaxation data 17, 20, 36, 42, 60 (see also Fig. 2) , where no continuation of the high temperature a-relaxation can be observed below the crossover temperature. This lack of a clear calorimetric glass transition and the apparent vanishing of its related dynamics at the crossover temperature is puzzling and an anomalous observation for confined water, since no such behavior has been observed for any other confined liquids where the structural a-relaxation can be observed at high temperatures.
One explanation that has been proposed for the dynamic crossover and the anomalous behavior of confined water is that the molecular rearrangements responsible for the glass transition and its associated a-relaxation in deeply supercooled bulk water require a large network of hydrogen bonded water molecules, 78 which simply cannot be formed in pore sizes of about 20 Å or less. In support of this explanation is that a hydrogen bonded tetrahedral network structure may be completed in bulk water already at about the homogenous nucleation temperature around 235 K. 31 Hence, it is possible that the a-relaxation below this temperature is due to molecular rearrangements of volumes considerably larger than the pore size where crystallization of confined water can be avoided (i.e. about 20 Å). If this interpretation of the dynamic crossover of confined supercooled water is correct it is furthermore possible that the extraordinary large volume of cooperatively rearranging regions in bulk water below the homogenous nucleation temperature leads to a very rapid slowing down of the a-relaxation below this temperature, leading to a glass transition close to the proposed singularity point at about 228 K, 79 where dynamical quantities, such as viscosity and the diffusion constant, seem to extrapolate to infinity. 33, 45, 80 Here it is interesting to note that the percolation model developed for supercooled bulk water by Stanley and Teixeira 78 acually predicts that not even bulk water should exhibit any glass-toliquid transition.
Possible implications for bulk water
In 2004 the low temperature dielectric main relaxation with an Arrhenius temperature dependence was assigned to a local b-relaxation, 63 as mentioned above, and in 2010 it was proposed that this low temperature process might be the same also for bulk water. 79 Since it seems to be basically universal for all kinds of confined water, as shown in ref. 17 , and since it seems to be local in character, there is no reason to believe that it should be much different in bulk water. Indeed, Amann-Winkel et al. 68 observed a relaxation process of low-density amorphous ice (LDA) that is similar to the process observed for confined water, see Fig. 2 . It reached a relaxation time of 100 s at 126 K, only a slightly lower temperature than commonly observed for confined water, but exhibited a slightly lower activation energy, as seen in Fig. 2 (however, it has not as low activation energy as incorrectly plotted in Fig. 1 of ref. 17 ), although the error bars in the determination of this activation energy should be relatively large due to the limited temperature range in which it could be observed before crystallization to ice occurred above 150 K. However, the authors of ref. 68 assigned this process in bulk water to the structural a-relaxation, fairly consistent with the widely accepted glass transition temperature of bulk water at 136 K. 41 In fact, for many years the scientific community working on glassy and supercooled bulk water has been confident in the assignment of the calorimetric feature at about 136 K to a true glass transition in the sense that water is a viscous liquid above this temperature. Thus, the interpretation that this low temperature Arrhenius activated process is due to a local b-relaxation rather than the structural a-relaxation is in conflict with the belief that the calorimetric feature observed for bulk water at 136 K 41 is a true glass-to-liquid transition. However, this new interpretation with a true glass-to-liquid transition instead close to 228 K, as first suggested in ref. 79 , has gained further support in recent years by e.g. McCartney and Sadtchenko 81 from fast scanning calorimetry, Qvist et al. 82 from QENS and MD simulations and Shephard and Salzmann 40 from DSC studies of amorphous ices where they compare the believed glass transition of these amorphous phases with the calorimetric feature observed for hydrogen disordered crystalline ice phases. Experimental data from the latter study are shown in Fig. 4 , where it is evident that LDA exhibits a basically identical calorimetric feature to the hydrogen disordered crystalline phases at its believed glass transition. Furthermore, the fact that the exact temperature of the endothermic peak is not affected by isotope substitution of 16 O to 18 O, but significantly shifted for D 2 O, implies that this feature is due to an unfreezing of molecular reorientation dynamics, rather than related to translational motions of the oxygen atoms, which should be the case if it were a true glass-toliquid transition. Thus, the natural conclusion from their study is that the amorphous phase LDA undergoes the same unfreezing of local molecular reorientations as the orientationally disordered crystalline ice phases. 40 This interpretation of the calorimetric feature at about 136 K for glassy bulk water also explains its anomalously small change in heat capacity. The step in heat capacity has a typical magnitude of disordered crystals, including the hydrogen-disordered ices, 83 84 which exhibit a glass-to-liquid transition. This implies that the interpretations made in ref. 40, 79, 81 and 82 are consistent and that the true glass-to-liquid transition occurs at the crossover from this amorphous ice phase to the ordinary supercooled liquid water phase. This crossover should be associated with an apparent strong-to-fragile transition (going from low temperatures) similar to what we observe for confined water at about 180 K. However, for bulk water this crossover should occur at a higher temperature due to the fact that an ice-like tetrahedral network structure is more easily formed without any geometrical constraints, and therefore completed at a higher temperature, leading to a higher liquidto-glass transition temperature, as also shown by fast scanning calorimetry, 85 likely close to 228 K as indicated in Fig. 2 . If this scenario is correct it is evident that the dynamical scenarios of supercooled bulk water and supercooled confined water are very similar, and that the proposed fragile-to-strong transition of bulk water should rather be considered as a liquid-to-glass transition, but with a structure not far from crystalline ice. Probably, the glassy phase can almost be considered as a polycrystalline material, which then leads to another possible explanation for the vanishing of the structural a-relaxation at the crossover temperature of supercooled confined water, namely that it is an intrinsic property of supercooled water rather than caused by confinement effects, as discussed above. Hence, a vanishing of the structural a-relaxation may occur even for supercooled bulk water (as predicted in ref. 78 ) at the crossover temperature, due to the completion of a very ice-like network structure, leaving only motions typical of glasses and disordered crystals below the crossover temperature. In fact, a crossover from a high temperature a-relaxation to a low temperature b-relaxation as the origin of a ''fragile-to-strong'' transition has been suggested to be a universal phenomenon for glass-forming liquids when there is a large comparability in the structural units relaxing through the a-relaxation and b-relaxation, respectively. 86 If this is correct, it implies that the crossover scenario observed for supercooled confined water is not even limited to water, but universal for all supercooled liquids exhibiting a ''fragile-to-strong'' transition.
However, although this crossover scenario to a low temperature b-relaxation is consistent with most experimental observations it should be noted that there are also results in the literature that contradict the possibility that water becomes a solid material only slightly below 228 K. Attempts have been made to measure the viscosity of LDA in the temperature range between the believed glass transition temperature at 136 K and the crystallization temperature at 150 K, 87 and more long-range diffusional motions, typical of liquids, have been claimed to occur in this temperature range. 27, [88] [89] [90] However, these results are neither uncontroversial nor internally consistent since they predict different temperature dependences of the viscosity or diffusivity of the claimed deeply supercooled water. There seem to be two main problems to distinguish between a true glass-to-liquid transition and an unfreezing of local molecular reorientations. The first reason is that even for equilibrated high density amorphous ice (eHDA) at 89 K the structure is fully relaxed (i.e. the intermediate scattering function has decayed to zero) on a 1000 s time scale, due to viscoelastic relaxation and stress release from nanometer-sized heterogeneities. 90 The second problem is that the amorphous ice is in a metastable state and that both the crystallization process and an irreversible structural relaxation 91 may start already around the transition temperature during slow heating. Thus, different types of dynamical processes occur already in the amorphous ice and therefore it is difficult to distinguish these motions from the motions in an ultra-viscous liquid around T g .
Regarding the relevance of the ice phases for the behavior of both the amorphous phases of ice and liquid water, it is interesting to note the recently discovered 92 special properties of ice II, which is a hydrogen ordered phase of ice at high pressures. In ref. 92 it was found that this ice phase completely disappeared, and instead was replaced by the hydrogen disordered phases III and V, if a small amount of ammonium fluoride was added to the ice. The very special properties of ice II were even suggested to be the reason for the anomalies of the phase diagram of water. 92 
Conclusion
The dynamics of confined water in the deeply supercooled regime and its possible implications for bulk water have been discussed in this work. We question both a fragile-to-strong transition of supercooled water at about 225 K 31 and a liquid-to-glass transition at 136 K, 41 and we base this on how the observed dynamic crossovers of confined water should be interpreted. The relevance for bulk water of the observations for confined water is further supported by recent results on amorphous ice. 40, 68 Firstly, DSC measurements in comparison with disordered ice phases suggest that the calorimetric feature at 136 K is not due to a glass-to-liquid transition, but rather due to an unfreezing of local molecular reorientations, 40 and secondly, dielectric relaxation measurements show that LDA exhibits an almost identical relaxation process to confined water below its crossover temperature at about 180 K. 68 Therefore, we propose a link between the data obtained for deeply supercooled and glassy confined water and amorphous ice of bulk water, which implies that the believed glass transition at 136 K 41 is rather due to the freezing-in of a local b-relaxation and instead the suggested dynamic crossover around 225 K is due to a liquid-toglass transition and an associated crossover from a high temperature a-relaxation to a low temperature b-relaxation. 79 
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